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1.0 Abstract 
 
Loosening of metal is the leading cause of clinical failures of orthopedic surgeries. A novel 
coating of self-assembled monolayer of phosphonate molecules (SAMP) that chemically 
enhances metallic surfaces by covalently bonding to their naturally occurring oxidized surfaces 
has been developed.1 The SAMP coating is chemically stable, and its in-vitro results showed that 
it promotes cell proliferation, osteoblast adhesion and enhances biological attachment to metal 
surfaces.1 The purpose of this study is to establish the efficacy of this novel chemical surface 
treatment in improving the fixation of metallic implants in both cortical and cancellous bone over 
a conventional untreated implant. We hypothesize that a SAMP monolayer coating would lead to 
greater in-vivo bone on-growth and fixation of SAMP-coated stainless steel (SS) implants when 
compared against uncoated ones. An established in-vivo model was used. The outcomes used to 
establish the coating’s efficacy were the histological appearance of the interface between implant 
and bone and the static mechanical strength of the interface. Cylindrical 316L SS implants were 
machined and highly polished and half of the implants were coated with the SAMP coating. A 
total of 44 male, skeletally mature New Zealand White rabbits, weighing between 3.5 and 5kg, 
were implanted bilaterally in the distal femoral intramedullary canals. Each animal received one 
coated implant in one leg and one uncoated implant in the other leg.  Cylindrical implants were 
implanted in 9 rabbits per time point. Additionally at each time-point, 2 rabbits were implanted 
with cylindrical pins that have 6 longitudinal crevices and their cross-section were 
circumferentially serrated.  The rabbits were randomized to one of four time points: 4, 8, 12 and 
16 weeks. In the cylindrical implants, bone formation was evident in the epiphyseal cancellous 
bone surrounding the coated implants after 4 weeks. Histological evaluation of early time points 
has showed cell types associated with new bone formation, in both the cortical and cancellous 
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bone, in higher numbers in the treated implants. A thicker layer of unmineralized osteoid and 
higher number of osteoblasts were observed along the interfaces with the coated surfaces than 
the uncoated ones in the 4-week time-point. That indicated that there is greater bone formation 
and a stronger initial bone response to the coating. At the later time points, however, there was 
no difference between the amount of bone formed around the coated implants and the uncoated 
ones. At the 4-week time point, the coated samples of the creviced design showed significant 
osteoconductive potential of the treatment, which was observed histologically as recruitment and 
proliferation of osteoblasts into areas of initially non-bony contact are present.  Bone had formed 
completely into the interior crevices of the coated implants. In the uncoated implants, bone was 
only present in the outer area surrounding the implants. Micro-Computed Topography scanning 
was performed on all the cancellous bone samples in order to visualize the amount of newly 
formed bone around the implants and calculate bone volume to total volume within the relative 
effective diameter. In the early time points, it was found that bone has grown in a larger volume 
around the coated implants. No statistical difference in bone volume was found at the later time 
points. Mechanical pullout testing was performed on cylindrical implants at each time-point 
(n=6) of the coated and uncoated implants. A mechanical pullout apparatus that ensures pullout 
in a uniaxial direction at under displacement control was used, and the resistive shear force at 
failure was measured. Mechanical testing showed no difference in the average of failure force of 
the coated group when compared to that of the uncoated group at each time point. There was also 
no statistical difference between time points among the coated samples. The SAMP coating did 
not increase the shear strength of the interface. In conclusion, in a rigorous, established model, 
we have shown that at early time points, the SAMP treatment elicits a significant bony 
apposition to the implant surface. However, this effect does not appear to be maintained.  
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2.0 Introduction 
 
Loosening of metallic implants in total joint arthroplasty, spinal reconstruction, and fracture 
fixation is the most common cause of clinical failures. In total joint replacements, in particular, 
aseptic loosening accounts for more than two thirds of hip revisions and almost half of knee 
revisions.2 Even though metals are the only biomaterials that meet the stiffness requirements of 
most orthopedic implants, the disadvantage of relatively stiff stem extensions is that bone 
resorption is promoted due to stress shielding.3 As Wolff’s Law for bone remodeling states, bone 
remodels in response to the exerted loading.3 The internal trabecular and the outer cortical 
architectures adapt in response to the loading. Stress shielding refers to the reduction of bone 
density as a result of the removal of normal stress from the bone. For example, metal stems used 
in total hip and knee replacement orthopedic implants are stiffer than bone, and are therefore, 
likely to cause stress shielding in the femur. Total hip replacement is an extremely common 
procedure that has proven high effectiveness. Nevertheless, 2% of THR patients still require 
surgical revision because of loosening of the stems and osteolysis in the femoral shaft.12 
Loosening occurs when osteolysis prevails over the process of ossification; surrounding bone 
tissues weaken and the fixation and attachment to bone walls diminishes. 
    In the case of such a clinical failure, the total joint replacement implant must be retrieved from 
the body entirely and immediately. Revision surgery is both dangerous and expensive for the 
patient and it is also time consuming. In addition, revision surgeries higher chances of failure 
than primary orthopedic surgeries.2 Therefore, success of TJR implants is considerably 
dependent on a stable bone-implant interface. There are currently a number of existing metal 
surface treatments that have been successful in achieving long term fixation including roughened 
or porous metallic coatings. Bone on-growth promoting modifications include adding textures to 
the surface and/or surface coatings. Porous metallic coatings that allow bony on-growth take one 
 7 
of three forms: beads, wire mesh, and plasma spray. The thickness, pore size, and overall 
porosity of these coatings must be controlled for optimal performance. Nonetheless, an 
intervening fibrous membrane can occur in these types of coatings. The fixation of these 
modified surfaces to bone can be further enhanced by applying ceramics, such as hydroxyapatite 
(HA) and β-tricalcium phosphate (β-TCP) or growth factors to the porous surfaces.  
    HA has been widely used as a coating material for orthopedic/dental applications due to its 
similar chemical composition to natural bone mineral and its capability to promote bone 
regeneration. HA/TCP treatments create biocompatible surfaces that accelerate bone on-growth 
without an intervening fibrous membrane. It has been reported that HA with nano-scale 
crystalline features and controlled porosity and pore size could promote osseointegration and 
direct bonding to natural bone. Moreover, it is very challenging to produce a nano-crystalline HA 
coating with desirable nano-features and controlled pore size and porosity for dental and 
orthopedic implants.  
    Previous research studies have provided evidence that materials with nanometer surface 
features enhance bone formation compared to materials with conventional surface features.4 The 
traditional coating processes, such as the aforementioned plasma-spray, cannot uniformly create 
nano-features in orthopedic coatings due to high heat.4 It was indicated that nanometer surface 
features are important to increase the cyto-compatibility of metal orthopedic implants and they 
are more effective in regenerating juxtaposed bone. Another concern about plasma spray is the 
potential for delamination and wear after deposition of hydroxyapatite.4 Plasma-spray has been 
discovered to result in blood toxicity due to phase transformations. During clinical use, plasma-
spray has the risk of delamination and the formation of highly soluble calcium phosphates.  
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    Recently, a novel metallic surface enhancement technique has been developed using a 
chemical surface treatment of a self-assembled monolayer of phosphonate molecules (SAMP) on 
a metallic surface. The concept of self-assembly of molecules is described, on the microscopic 
and macroscopic scales, by the spontaneous organization of individual surfactant molecule units 
into coherent structures.5 They adsorb, without external instruction, into a monomolecular layer 
on a surface. Molecular self-assembly is characterized by molecule-surface interactions, 
including hydrogen and ionic bonds, and hydrophobic and van der Waals interactions, etc. The 
self-assembled layer of phosphonate molecules in this study assembles on the polished surface of 
stainless steel implants by forming covalent bonds with the metal’s naturally oxidized surface.  
    This SAMP platform is mechanically strong and chemically stable, while enabling high 
surface coverage by organics. In vitro results with the SAMP system showed that it promotes cell 
attachment and proliferation. Preliminary in vivo testing indicated biocompatibility and 
stimulation of bone growth over a period of 8 weeks. We hypothesize that an appropriately 
terminated phosphonate monolayer would offer a substrate for bone matrix to form directly onto 
a polished metal surface. The coating is hypothesized to lead to greater enhancement of the 
mechanical fixation of stainless steel implant to bone, and increase the rate of bone formation 
around it over time, when compared against an untreated implant. 
    An osseointegration model developed by Jinno et al. has been previously established for 
studying biomaterial coatings.6,7,8 This surgical model has been used to evaluate various types of 
metal bio-coatings; hydroxyapatite, β-tricalcium phosphate, surface blasting of cobalt chromium 
and titanium alloys and other coatings. This surgical model consists of a bilateral implantation of 
metal cylinders into the intramedullary canal of the distal femur in rabbits. The chosen site in the 
femur to implant cylinders of a certain length allows the interaction between the surface of the 
metal with cancellous bone in the distal epiphysis and the cortical bone in the diaphysial shaft. In 
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this study, this bilateral surgical model will be utilized to evaluate a self-assembled monolayer of 
molecules on a nanometer scale. Since femoral shapes and sizes vary, a paired study will be 
designed to compare a coated surface to an uncoated surface under identical conditions by 
implanting one coated implant in one femur, and an uncoated implant in the other femur of the 
same animal. This in-vivo model was applied to 44 skeletally mature rabbits; 11 rabbits were 
euthanized upon reaching each of four time-points. The time points were 4, 8, 12 and 16 weeks. 
Within each time point, 6 rabbits that had received cylindrical implants were designated for 
mechanical testing. For histological evaluation, 3 rabbits with cylindrical implants and 2 rabbits 
with the creviced designed implants were euthanized at each time point. The rabbits were 
required to be skeletally mature in order to avoid any potential femoral growth that may lead to 
loosening of the cylindrical implants and new bone formation as a response to the coating versus 
new bone in response to growth would be virtually impossible to differentiate.  
    Upon reaching the designated necropsy time-points, the rabbits were euthanized and their 
femurs were harvested and processed for their designated evaluation method. The two methods 
to evaluate this coating were microscopic/histologic and mechanical testing.  
    All samples designated for microscopic imaging were first imaged using a Scanning Electron 
Microscope (SEM) using a backscattered electron (BSE) detector. The BSE images allowed for 
analysis of the area of circumferential bony on-growth at the bone-implant interface. After 
histologic processing, the samples were stained with trichromatic staining and imaged using a 
light microscope. Trichromatic staining gives three different colors to the cross-sections. It dyes 
mineralized bone in blue or green, the new unmineralized osteoid bone in red, and the osteocytes 
in black. In comparative evaluation of the bone around coated and uncoated implants, success of 
this coating is indicated when evidence significant new bone formation is observed around the 
interface with coated implants. New bone formation is indicated by a high numbers of 
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osteoblasts and osteoclasts associated with new osteoid bone and newly mineralized bone. For 
later time points, success of the coating can be indicated by the presence of a greater volume of 
mineralized bone in direct contact with the implant. For mechanical testing, a pullout test was 
performed to measure the resistive failure force of extracting the cylindrical implants from the 
distal femurs. The failure forces were averaged for the coated and the uncoated groups and the 
two groups were compared across each time-point. In order for the coating to demonstrate a 
clinically relevant efficacy in improving the mechanical fixation of the implants to bone, the 
difference in the resistive tensile pullout force of the coated implant must be at least 20% higher 
than the force of the uncoated implants.  
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3.0 Materials and Methods 
 
3.1 Test Articles 
The rods were fabricated from implant grade stainless steel with a length of 25 mm and a final 
greatest outer diameter of 5 mm. The implants were machined and the coating was applied by 
OrthoBond, Inc. The coating process followed commercial guidelines for orthopaedic implants 
to ensure a clinically relevant treatment. OrthoBond, Inc. also packaged and sterilized the 
implants prior to surgical implantation.   
Figure 1: Cylindrical implants fabricated from 316L at a length of 25m and diameter of 5mm 
The implants were cleaned by sonication in methyl ethyl ketone, dichloromethane and methanol, 
then stored at ~120ºC for at least one hour. Upon removal from the oven, implants were allowed 
to cool, and the nonporous ends were inserted into Teflon blocks to allow for ease in coating 
procedures. Phosphonate-terminated (SAMP) implants were prepared by first soaking them in a 
1-mM Solution of 1,12-bisphosphododecane in ethanol.  
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    The implants were then suspended in this solution; solvent evaporation and subsequent heating 
of the pins at 130ºC for 47 hours yielded the SAMP. Following removal from the oven, excess 
unbound material was removed through rinses in hot ethanol followed by sonication in ethanol. 
Two subsequent coatings following the above procedure were performed on the pins to assure 
comprehensive coating across the surface.1 
    One end of the cylindrical rods had a threaded hole. The size of the thread was 1/16 inch and 
the depth of the hole was approximately 3mm.  The purpose of having this threaded hole is to 
allow for the insertion of a pin with a matching threaded pin. The pin is to be hammered to push 
the pin into the femur. Once the pin reaches its correct location in the femur, the pin is removed. 
3.2 Animals 
The rabbits were housed in an AAALAC accredited facility. The temperature and humidity were 
monitored and the rooms were kept on a 12-hour light/dark cycle.  Rabbits had ad libitum access 
to PMI Certified High Fiber rabbit chow #5326. Supplemental alfalfa cubes was given to every 
animal approximately twice per week, any additional diet given to the animals was documented 
in the appropriate study records.  Rabbits had ad libitum access to drinking water prepared from 
the municipal water supply. A unique tattoo was used to identify each individual throughout the 
period of the study.  Cages were identified with the study number, cage number, species/strain, 
and investigator. Each rabbit was implanted with rods with a random choice of limb assignment. 
Animals were sacrificed at 4, 8, 12, and 16 weeks. At each of the time points, 9 rabbits from the 
cylindrical rod arm and 2 rabbits from the star-shaped (longitudinally creviced) arm were 
sacrificed. In the cylindrical arm, three of the 9 rabbits from each group will be used for 
histological evaluation and 6 will be used for mechanical testing [Table 1]. In the 
circumferentially serrated design, both animals were designated for histological evaluation. 
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  Time Point  Mechanical Testing  Histology/SEM 
        4 wks      6    5*  
      8 wks      6    5* 
    12 wks      6    5*  
    16 wks      6    5* 
Table1: Outline of study design for the number of animals needed for each time point and 
evaluation method. (* Three of the 5 received circular cross-section implants, and the other two 
rabbits received longitudinally creviced (flower cross-section) implants). 
 
3.3 Surgical Model 
A rabbit surgical model adopted from Jinno et al. was used for assessing the efficacy of fixation.9 
The model involves bilateral surgical procedure for the rabbit femurs. The procedure is to insert 
the test articles into the distal intramedullary femoral canals of skeletally mature New Zealand 
male rabbits that weighed between 3.5 and 5 kg. The chosen site in the distal femur allows 
investigation of the interaction of both, cancellous and cortical bone, with the metal rod. This 
interaction is similar to clinical situations, such as hip or knee stems, in which this coating could 
be used to enhance fixation.  
    The rods were implanted bilaterally into 44 rabbits. Bilateral surgery was performed using 
sterile technique.  The animals were anesthetized preoperatively with ketamine (35-60 mg/kg). 
The rabbits were positioned supine, and both lower extremities were prepared and draped in a 
sterile fashion. The knees were opened through a medial parapatellar arthrotomy.  The knee joint 
was flexed, and the extensor mechanism was dislocated laterally. A cyclindrical hole was drilled 
through the intercondylar notch into the medullary canal of the distal femur. The center of the 
trochlear cartilage was marked with an awl, and the intramedullary femoral canal was drilled 
carefully, first with a 4.8, then with a 5.0 drill bits. A small mallet and tap were used to drive the 
implant retrograde up the femur until the implant’s end was flush with trochlea. At the end of the 
implantation surgery, the knee was irrigated with saline, the muscular incision was closed with 
an absorbable suture and the skin was closed with interrupted nylon. 
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Figure 2: Bilateral surgical procedure; insertion of the cylindrical SS implants in the 
intramedullary canal of the distal femur 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 3 and 4: A metal rod was inserted like a screw into the threaded hole at the distal end of 
the cylindrical implant. The rod was used to push the implant into the intramedullary canal by 
tapping it with a hammer. The distal end of the implant was flush with the distal condyle. 
 
    Due to variability in rabbit femoral size identified in a previous study, a paired study design 
was used to evaluate the coating; in each rabbit, one femur was implanted with an uncoated SS 
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rod, and the other femur was implanted with a SAMP coated one. Each rabbit was implanted 
with a random choice of limb assignment for coated and uncoated rods. Post-operative in-vivo 
plain radiographs were performed immediately to confirm the position of the implants and at all 
time points until sacrifice. Rabbits were allowed unrestricted cage activity post-operatively and 
were sacrificed at 4, 8, 12, and 16 weeks. 
    Animal surgeries were performed between May 20, 2010 and July 1, 2010.  All animals have 
completed their in-life portion of the study by October 28, 2010. Two rabbits from the 16-week 
group died prematurely at the 12-week time point from sedation while undergoing radiographic 
studies and were added to the 12-week group.   
3.4 Postoperative Care and Medications 
Buprenorphine (Buprenex), 0.02-0.05 mg/kg SC, were administered at the end of the procedure. 
The veterinary staff continually monitored all the rabbits until they were awake. Additional 
analgesia was administered for 3 days post-operatively. Rabbits were also monitored, one or 
more times daily, for general conditions and condition of the surgery site. Sutures were removed 
10 days after surgery. Animals that manifested any signs of discomfort or illness (anorexia, 
excessive swelling of the surgery site, lameness, etc.) were examined by the veterinarian, and 
appropriate diagnostic and therapeutic procedures were initiated. 
    Upon reaching the designated necropsy time point, the rabbits were euthanized, and both 
femurs were excised, and all the soft tissue was removed. High resolution x-rays images 
(Faxitron, Wheeling, IL) in the anterior-posterior plane were taken immediately after harvesting 
and dissecting the femora to demonstrate that all implants were well integrated into the 
surrounding bone. Radiographs were evaluated for fractures, bony resorption, or radiolucent 
lines. Cortical hypertrophy was evaluated around the proximal end of implants, and this finding 
was compared across the four necropsy time points. 
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3.5 Plain film x-rays and High-resolution x-rays 
Plain film x-rays were taken immediately post-operatively to confirm all implant positioning. 
Similar radiographs were taken one week and every four weeks, depending on the time-point 
designation. In general, these x-rays were used for monitoring purposes only. They are 
performed to detect for any abnormal findings (i.e. fracture, infection, etc.) are occurring during 
the course of the study. In the case of detecting any hip or leg fractures, the rabbits were 
euthanized immediately in order to relieve them from the pain and suffering. 
3.6 Sample Preparation for Microscopic and Histologic Evaluation 
Samples that were designated for histological evaluation were immediately fixed in 10% 
formalin for three days, rinsed, and repeated in 10% formalin for additional three days.  The 
proximal third of the femur was removed for improved penetration. A dehydration protocol was 
begun where the distal portions of the femora were infiltrated in a series of alcohols [Table 2]. 
While the samples were in 70% alcohol, the femurs were sectioned with the pins in place at slow 
speeds to accommodate for the material mismatches between the bone, marrow space, and 
stainless steel. Histological evaluation was performed on two areas of interest. The two areas 
were studied by producing two 5 mm thick transverse sections of each type of bone. The distal 
section is made through the epiphyseal region of the femur (in direct contact with cancellous 
bone) and the more proximal section is through the diaphyseal region (in direct contact with 
cortical bone). The first 5mm-thick (cancellous) sample was produced by making a transverse 
cut at 7 and 12mm away from the tip of the distal condyle. This section is well within the 
epiphysis. The second 5mm-thick (cortical) sample was produced by making transverse cuts at 
22 and 27mm away from the tip of the distal condyle. This section is within the diaphysis of the 
femur. These four transverse cuts were made using a gravitational saw (Buehler, Lake Bluff, IL) 
and water –cooled diamond blade. 
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Figures 5 and 6: The harvested femurs were sectioned transversely using a gravitational saw 
and a diamond blade. Two cuts were made; through the epiphysis and the diaphysis. 
 
3.7 Scanning Electron Microscopy (SEM) using Backscattered Electron (BSE) Detector 
Using the 5-mm thick samples described in the previous section, specimens were examined in a 
scanning electron microscope (SEM) (FEI, Peabody, MA) using the backscattered electron 
(BSE) detector.  Specimens were examined at 35x magnification at a 20 mm working distance, 
30kV accelerating voltage, 200 µm aperture setting, 0.78 Ǻ filament current, and a 100 nǺ 
emissions current. The area of bone on-growth at the bone-implant interface was evaluated for 
the entire circumference of the implant.  The total area was defined as the bone area, implant 
area, and void area.  The implant area was subtracted and calculations of the percent of bone area 
and void area in the entire cross-section were measured.  The void space area was defined as the 
area filled by marrow and cellular components.   
3.8 Histology and Light Microscopy 
3.8.1 Tissue dehydration 
After fixation in 10% formalin, the specimens were entered into a tissue dehydration cycle 
[Table 2] in order to prepare them for embedding in PMMA.10 
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    Solution                Duration            Infiltrations  _  
70% Ethanol  until sectioning is complete           every 3 days 
95% Ethanol                  3 days     2 times 
100% 2-Propanol      3 days     2 times 
    Xylene                  5 days      2 times 
Table 2: Hydration cycles by Schenk et al. to prepare the samples before embedding in PMMA 
 
3.8.2 PMMA Embedding 
 
After tissue dehydration, the samples were embedded in PMMA in order to prepare 
undecalcified blocks and polished serial sections at a thickness of approximately 10-15 µm for 
staining and light microscopic examination.   
3.8.2.1 Tissue Infiltration 
Embedding involved infiltrating the samples in three solutions as describes by Erben et al10: 
• Solution I: 60 ml MMA, 25 ml Butylmethacrylate, 5 ml Methylbenzoate, 1.5 ml 
polyethylene glycol 400. 
• Solution II: 100 ml MMA, 0.4 grams benzoyl peroxide. 
• Solution III: 100 ml MMA, 0.8 grams benzoyl peroxide. 
The polymerization procedure was modified from Erben et al method by staff of the Mineralized 
Tissue Research Department at The Hospital for Special Surgery. Each methacrylate solution 
infiltrated the bone samples for at least 3 days. A rocker or a rotating wheel was used to agitate 
tissues. 25% of the falcon tubes’ volume was left as airspace in order to prevent the occurrence 
of polymerization. 
3.8.2.2 Polymerization  
It consisted of two main steps: 
• Step 1: Adding 10 grams poly methyl methacrylate to each 100 ml of methyl 
methacrylate. The solution was stirred for 18 hours or overnight to dissolve PMMA and 
was covered to avoid evaporation. After mixture had dissolved, 0.8 grams of benzoyl 
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peroxide was added. The mixture was infiltrated for 2-3 days with agitation or rotation of 
samples with 25% of the tubes’ volume was kept as air space so that the mixture would 
not polymerize prematurely. Another PMMA mixture was made overnight as in Step 1. 
The mixture was frozen for embedding. 
• Step 2: with stirring, 0.8 grams benzoyl peroxide/100 ml of methacrylate mixture was 
added and the mixture was stirred for 30 minutes. Then, 0.4 ml N,N-dimethyl-p-toluidine 
for each 100 ml methacrylate mixture is added to induce polymerization. The cold final 
mixture was then added to the final containers, the tissue is added, and the containers 
were capped tightly, and placed into -20ºC freezer. Polymerization was complete in 2 
days and without any air bubbles. Blocks were very hard but they sectioned well. PMMA 
was meant to improve the adherence of sections to the slide during the staining process.  
3.8.3 Sectioning 
The PMMA Blocks were sectioned using a microtome (Leica SM2500, Germany) into 15µm-
thick sections and placed on gelatinized glass slides. The slides were immediately covered with 
was paper, pressed tightly with a vice, and placed in an oven over night with a temperature of 
60°C in order to melt the gelatin and fix the sections on the glass. 
3.8.4 Trichromatic Staining 
The sections were deplasticized in Xylene-Chloroform (1:1) for 45 minutes and were evaluated 
to assess new bone formation, bone remodeling, osteoclast activity, osteoblast activity, and 
inflammation. Tissue types adjacent to the metallic rod were identified and proximity and 
coverage of new bone formation to implant surface was determined.  Trichromatic stains bone 
with a green color, and new osteoid, osteoblasts/clasts, and unmineralized tissue with a red color.   
    Weigert’s Hematoxylin was prepared first. Solution A was prepared by adding 5g of 
Hematoxylin to 500ml of 95% Ethanol. Solution B was prepared by adding 20ml of 29% 
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Aqueous Ferric Chloride and 5ml of Hydrochloric Acid ACS to 475ml of Distilled Water. Equal 
parts of solution A and solution B were mixed, and the mixture was useable for one week. 
    The embedded bone sectioned were de-plasticized, and the PMMA was extracted, in 1:1 
Xlyene Chloroform for 45 min followed by 2 clean 100% for 10 minutes each. Then the slides 
were washed for 5 minutes in each of 95% Ethanol, 70% Ethanol and distilled water, 
respectively. The slides were placed in Weigert’s Hematoxylin for 10 minutes, and then they 
were rinsed in running tap water. 
    The sections were placed in Gomori’s Trichrome staining solution for 20 to 30 minutes. Then, 
all the stain solution was washed away and the slides were gently rinsed with tap water. The 
slides were then dried and dehydrated in 5-minute washes in each of 70% Ethanol, 95% Ethanol 
and 100% Ethanol and three 2-minute washes in Xylenes. The slides were then covered with 
Cytoseal-60. The glass slides were then ready for light microscopy visualization. 
3.9 Micro-Computed Topography 
All the cancellous bone sections were scanned using a micro-computed topography (Micro-CT) 
scanner (Scanco µ-CT 35, Scanco Medical, Switzerland) in order to measure bone volume to 
total volume in a cylindrical area defined as 500 µm from the implant surface. PMMA embedded 
cancellous bone samples were scanned using the following operation conditions: 15 µm voxel 
size, 55KVp, 145 µA, 0.36 degrees rotation step (180 degrees angular range) and a 400ms 
exposure per view. The Scanco µCT software (HP, DECwindows Motif 1.6) was used for 3D 
reconstruction and viewing of images. After 3D reconstruction, volumes were threshold were set 
to a global threshold of 0.4g/c.  Directly measured bone volume fraction (BV/TV) was calculated 
for both implant designs; regular and creviced, and images of matched pairs were compared. The 
percentages of BV/TV were averaged for each group; coated and uncoated, at each time-point. 
One way, nonparametric ANOVA was used to measure the difference between the groups. 
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3.10 Mechanical Testing 
Specimens designated for mechanical evaluation were wrapped in saline-soaked gauze and 
frozen until testing. They were allowed to thaw overnight before the day of testing. 
    The condyle around the area of the implant in the distal end of the femurs was removed to a 
flat surface even with the implant in order to remove error during testing.  The proximal ends of 
the femurs were potted in a resin. Cubic molds were sprayed with a lubricant (WD-40, San 
Diego, CA) before potting. Two-part putty (Bondo, Maplewood, MN), a resin and a hardening 
agent, were mixed and inserted into the molds around the proximal end to the femurs. The resin 
was used to reinforce the pin/bone construct while a 2.0-mm Steinman pin was inserted 
perpendicularly, anterior to posterior, through the resin and through femoral diaphysis. A loop 
was formed using a metal wire tightened around the Steinman pin on both sides of the potted 
femur and through a pulley. 
 
    
Figures 7 and 8: The mechanical testing apparatus designed for uniaxial pullout test 
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    A 1/16 inch diameter screw was inserted through a metal plate and then through the threaded 
hole in distal end of the implant. A loop was then formed using a wire from opposite ends of that 
metal plate and through a pulley. The two pulleys, above and below the femur, were used in 
order to allow the cables to self-align and assure the loading of the tensile pullout force in the 
direction of the long axis of the cylindrical stainless steel implants.  
    Tensile pull-out tests were performed on a servohydraulic uniaxial machine (MTS, Eden 
Prairie, MN). The bone–implant composite was initially preloaded to 5N to remove slack from 
the system and to allow it to self-align. Pull-out tests were performed to failure under 
displacement control at 2 mm/min. The highest tensile force recorded during the extraction was 
defined as the failure load, representing the shear strength of the bone/implant interface.  
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4.0 Results 
4.1 Backscatter Electron SEM Imaging 
4.1.1 SEM BSE Imaging-4 weeks 
In the 4-week group, backscatter mode imaging of the coated samples showed more bone 
formation around the entire surface of the implant.  The uncoated SS implants showed some 
bone but a significant amount of marrow space not associated with connected trabecular bone.  
 
   
  #5L – coated                              #5R - uncoated 
Figure 8: 15X mag SEM BSE images of epiphyseal cancellous bone. The left femur was 
implanted with SAMP treated implant and it demonstrated more trabecular bone growth around 
it than the right femur that was implanted with an untreated implant. 
 
 
 
 
 
 
Coated     Uncoated 
Figure 9:BSE SEM images at 35X magnifications of the cross section of a femoral diaphysis 
around a coated implant (left) and an uncoated implant (right) after 4 weeks 
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In the diaphyseal region, the coated samples are more variable. Below is a contralateral pair of 
samples (#6L and #6R)in the diaphyseal region. In the first sample, there is bone formation 
covering the implant even in areas not directly in contact with the cortical rim.  In the second 
sample, there is not a significant amount of bone in intimate contact with the implant. 
    In the longitudinally creviced group, the results were similar. In #36, bone can be seen 
surrounding the implant in some areas.  However, when focused on the crevices, some the areas 
are be filled with marrow with no bone present. The following images illustrate the cancellous 
bone around sample #36-Right, an uncoated implant. In comparison, the coated samples show 
more intimate contact bone.  This is the same animal on the contra lateral side - #36 left, coated. 
 
 16X mag 35X mag    200X mag    
Figures 10: BSE SEM images of epiphyseal cancellous bone around an uncoated creviced 
implant after 4 weeks. Growth is around the outer area but the crevices were filled with marrow. 
 
   
 16X mag 35X mag    200X mag    
Figures 11: BSE SEM images of epiphyseal cancellous bone around a coated creviced implant 
after 4 weeks. Depressions show solid bone formation in intimate contact with the surface. 
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  15X mag   35X mag   200X mag 
#36R – uncoated – 4 weeks 
       
  15X mag   35X mag   200X mag 
#41L – uncoated – 4 weeks 
 
       
  15X mag   35X mag   200X mag 
#36L – coated – 4 weeks 
 
      
  15X mag   35X mag   200X mag 
#41R – coated – 4 weeks 
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In the diaphyseal region, the star shape implants, unlike the cylindrical implants, were more 
consistent and evident. The uncoated samples showed little to no bone formation in the crevices. 
However, the coated samples showed significant bone formation even within the depressions not 
associated with the cortical rim. 
4.1.2 SEM BSE Imaging-8 weeks 
The 8-week time point backscatter SEM results were not similar to the 4-week time point. The 
epiphyseal region showed inconsistent coverage of the implant in the coated implants. The 
images of this group showed that some of the bone has started to resorb around both, the coated 
and the uncoated implants. Moreover, at this time point, the volume of new bone growth has 
become similar between the coated and the uncoated groups. 
 
15L – coated – 8 weeks       18R – coated – 8 weeks          19L – coated – 8 weeks 
 
 
15R – uncoated – 8 weeks        18L – uncoated – 8 weeks     19R – uncoated – 8 weeks 
 
Figure 12: BSE SEM images at 15X magnification of epiphyseal cancellous bone around coated 
implants in the first row and their contralateral uncoated implants in the second row. 
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The star-shaped implants at 8 weeks showed similar results to the 4-week implants.  Bone was 
consistent around coated implants and was evident in the depressions in epiphyseal region.  The 
uncoated samples had some bone present around the outer region surrounding the implants but 
not consistent on the entire perimeter.   
In the diaphyseal region, the star-shaped implants at 8 weeks were similar to 4 weeks.  The 
coated samples were inconsistent. The uncoated implants were consistent with little to no bone 
formation around the implant.  Marrow is predominating around the perimeter of the uncoated 
implants.  
 
  15X mag   35X mag   200X mag 
 
 
  15X mag   35X mag   200X mag 
 
Figure 13: BSE SEM images of epiphyseal cancellous bone around a coated creviced implant in 
the first row and an uncoated creviced implant in the second row. These two implants were 
simultaneously implanted for 8 weeks in the same animal in contralateral femurs.  
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Coated     Uncoated 
 
Figure 14: 35X magnification BSE SEM images of diaphyseal cortical bone around a coated 
creviced implant (left) and an uncoated creviced implant (right) after 8 weeks. The image to the 
right is the diaphyseal portion of the same femur in the first row of Figure 13, and the image to 
the left is the diaphyseal portion of the same femur in the second row. 
 
4.1.3 SEM BSE Results - 12 weeks 
With the addition of the 2 animals (that were originally designated for testing after 16 weeks) 
dying prematurely, 7 animals for histology at the 12-week time point (instead of 5). The 
epiphyseal region shows similar results to the 8-week time point. There is an increased marrow 
area and breakdown of the connectivity of the trabeculae. Although it appears the uncoated 
samples have thinner, less organized trabecular bone surrounding the implant, the difference in 
the volume of new trabecular bone growth is unnoticed. Moreover, in the diaphyseal region, the 
12-week time point does not show any clear findings regarding the effect on the coating on the 
amount on new bone growth within the cortical rim.   
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  15X mag   35X mag   200X mag 
 
 
  15X mag   35X mag   200X mag 
 
Figure 15: SEM images of epiphyseal cancellous bone around a coated implant in the first row 
and an uncoated creviced implant in the second row. These two implants were simultaneously 
implanted for 12 weeks in the same animal in contralateral femurs.  
 
 
4.1.4 BSE SEM Results - 16 weeks 
The difference in the amount of bone that has newly grown around the circular implants was not 
noticed to be different between the two groups, coated and uncoated. The volume of trabecular 
bone around the circular cross-sections is almost equal.  
    The longitudinally creviced implants, however, have been consistent with the earlier time-
point groups in showing that bone has grown more actively around the coated implants. This 
result was also consistent among epiphyseal cancellous bone and diaphyseal cortical bone.  
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Coated      Uncoated 
Figure 16: 35X magnification BSE SEM images of epiphyseal cancellous bone around a coated 
implant (left) and an uncoated implant (right) that has been implanted simultaneously in 
contralateral femurs of the same animal for 16 weeks. 
 
   
Coated      Uncoated 
Figure 17: 35X mag BSE SEM images of diaphyseal cortical bone around a coated (left) and an 
uncoated (right) longitudinally creviced implants, implanted in contralateral femurs of the same 
animal for 16 weeks. Bone has grown more densely and continuously around the coated implant. 
 
    In all the SEM BSE images of all the cancellous samples, the area of bone observed around 
the implants was measured and divided by the total area (BA/TA) of the cross section using an 
image analysis software (BioQuant II, Nashville, TN). The total area excludes the cross sectional 
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area of the implant. The averages of BA/TA were calculated for each group; coated and 
uncoated, at each time point. Charts 1 and 2 illustrate the averages of BA/TA for the regular and 
the creviced groups, respectively. Complete data for BA/TA around circular and flower-shaped 
implant cross-sections appear in Appendices 6.2 and 6.3, respectively.    
Chart 1: Histogram of averages of bone area divided by total diaphyseal cross sectional area 
around circular cross sections of coated and uncoated implants at each time-point. 
 
 
 
Chart 2: Histogram for average total area divided by total cross sectional diaphyseal area 
around flower-shaped cross sections of coated and uncoated implants at each time-point 
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A t-test was used to detect for statistical difference in BA/TA between the groups. Appendices 
6.3 and 6.4 lists the averages of the BA/TA for each group, and list the P values between the 
groups at each time point. For both designs, there was no statistically significant difference 
between the BA/TA averages of either coated or uncoated at any time-point (P>0.05).  
4.2 Histology Results 
After SEM imaging of these bone samples, the metal was removed and the bone samples were 
embedded in PMMA in order to produce 15µm-thick sections. These thin sections were fixed on 
glass slides and stained with Gomori Trichrome, and observed under light microscope in order to 
examine the histological appearance of the interface between bone and the implant. 
    The histological results for the 4-week group supported the results obtained from SEM 
imaging. The histological appearance of the interface shows that there is a higher bone-building 
activity on the surface of coated SS when examined after 4 weeks. Unlike the interface with 
uncoated SS, the interface of the coated SS consisted of a thick layer of osteoid, colored in red, 
with a high density of osteoblasts.  
4.2.1 Light microscope images – 4-8 weeks 
Coated      Uncoated 
Figure 18: Light microscope images of Gomori-Trichrome stained cross-sections of epiphyseal 
cancellous bone around a coated (left) and an uncoated (implant) after 4 weeks.  
1mm 1mm 
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Coated      Uncoated 
Figure 19: Light microscope images of Gomori-Trichrome stainmed sections of diaphyseal 
cortical bone around a coated (left) and and uncoated (right) implant after 4 weeks. 
 
  
4X mag      20X mag 
 
  
4X mag      20X mag 
Figure 20: Light microscope images of Gomori-Trichrome stained cancellous bone that has 
grown into crevices of implants after 4 weeks.  The first row is a coated sample, and the second 
row is an uncoated sample. The two samples are from contralateral femurs of the same animal. 
 
1mm 1mm 
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The creviced implants, have also shown difference between the coated and the uncoated group at 
4 weeks. The coated implants have attracted a larger number of bone building cells into the 
crevices. When examined under a light microscope, the crevices of the coated implants showed 
that there is a larger area of bone and a higher number of nuclei of bone-building cells than the 
crevices of the uncoated implants. The crevices of the uncoated implants had a larger area of 
fatty marrow, in red and white, than the crevices of the coated implants.  
4.2.2 Light microscope images – 12-16 weeks 
At the higher time points, the histological results have shown that the difference in the amount of 
bone in the coated and the uncoated groups have diminished. The trichromatic stain has shown 
equal areas of live bone, connective tissue and fatty marrow. The images of the 12 and 16-week 
samples showed that bone has equally resorbed around the implants. The SAMP coating has 
failed to show an effect on bone apposition in the long term. The effect of inducing bone on-
growth was only evident in the early time points. 
   
Coated       Uncoated 
Figure 21: 4X mag of light microscope images of Gomori Trichromatic stained epiphyseal 
cancellous bone around a coated (left) and around an uncoated (right) SS implant after 12 weeks 
 
4.3 Micro-Computed Topography Results 
Images taken using a Micro-CT scanner of epiphyseal bone within 500µm of the outer diameter 
of the implants are shown below. Images of contralateral pairs were matched for comparison. 
100 Microns 100 Microns 
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Figure 22: µCT images of newly grown epiphyseal bone within 500µm from the outer diameter 
of coated (left) and uncoated (right) implants after 4 weeks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: µCT images of newly formed epiphyseal bone within 500µm from the outer diameter 
of coated implants (first row) and their uncoated counterparts (second row) after 16 weeks. 
 
1mm 1mm 
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Coated      Uncoated 
Figure 24: µCT images of newly formed epiphyseal bone around creviced coated (first row) and 
uncoated (second row) implants after 4 weeks.  
 
        
Coated       Uncoated 
Figure 25: µCT images of newly formed epiphyseal bone around creviced coated (left) and 
uncoated (right) implants after 16 weeks. Each pair shows two orientations of the same sample. 
 
 
Chart 3: Histogram of the averages of epiphyseal BV/TV within 500µm from the outer diameter 
coated and uncoated implants at each time-point 
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    Complete epiphyseal BV/TV data appears in Appendix 6.6. It was found that there was no 
statistically significant difference in BV/TV between coated and uncoated implants, at any time-
point (P>0.05). Nevertheless, at the 4-week time-point, the average of BV/TV around the coated 
implants (18%) was 80% higher than that of the uncoated group (10%). At the later time-points, 
however, the difference in average BV/TV was less than 15%. 
4.4 Results of Mechanical Testing 
 
Charts 4 and 5 respectively illustrate the averages of the initial failure force, and the overall 
highest force, for the mechanical pullout test for each time point group. Complete mechanical 
pullout data appears in Appendices 7 and 8. It was found that there is no difference in the initial 
or the overall maximum failure force between the coated and the uncoated groups at any time 
point. The SAMP coating did not improve the mechanical and shear strength properties of the 
interface between bone and the polished SS surface.  
 
Chart 4: Histogram of the averages of the initial failure loads. Resistance force was recorded 
over time during the implant extraction and this histogram illustrates the average of the first 
peak (Newton) recorded during the extraction. 
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Chart 5: Histogram illustrating the averages of the highest overall load recorded during the 
implant extraction. Resistance force was recorded over time during the extraction and this 
histogram illustrates the average of the highest peak (Newton) recorded during the extraction. 
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5.0 Discussion 
 
Approximately 581,000 total knee replacements and 193,000 total hip replacements are 
performed each year in the United States.15 Although there are many designs and manufacturers, 
most tend to have an articulating component and a stem that extends into the intermedullary 
canal for stabilization. Although the stem of a knee or a hip implant is a necessary, there is a 
mechanical disadvantage to such a design. When a stem is inserted into a long bone, uncemented 
designs tightly fit (press-fit) into the internal wall of the shaft of the long bone.  In the process, the 
connective endosteum tissue that lines the internal bone walls of the medullary canal is damaged or 
destroyed. Not only does the stem destroy the cortical medullary cavity’s capillaries, and therefore, 
resulting in ischemia, but over time the stem can also shield the stress applied to the bone. Stress 
shielding is a result of the load that would usually be transfer in the bone is instead transferred down 
the stem of the implant. Over time, the bone is remodeled away because it experiences lower 
mechanical loading. Moreover, ischemia is believed to inhibit ossification of bone when mechanical 
loads are applied. As a result, bone resorbs because of combined effect of stress shielding and 
ischemia of the internal endosteal wall. A combination of these factors may result in the clinical 
failure of aseptic loosening. Aseptic loosening is painful and requires immediate revision surgery. 
    Stainless steel is well characterized to be non-bioactive and well tolerated by the body. When 
highly polished, stainless steel surfaces are not osteoconductive. In this study, the rabbit 
intermedullary model used was minimally weight-bearing. However, localized stress shielding was 
expected around the uncoated implant. The implants were not subjected to physiologically or 
clinically relevant mechanical loading and shear stresses. Therefore, this study was designed to 
examine the sole effect of this monolayer coating on the interaction between bone and the metal 
surface. The goal was to examine whether the coating would induce a prevailing bone apposition 
onto the stainless steel surface over stress shielding and ischemia. This study has also evaluated the 
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coating at 4 time points in order to examine its effectiveness in maintaining this bone formation 
around the implants over time and discern any effects of bone formation as a result of the surgery. 
    The 4-week backscatter SEM and light microscopy imaging results of both, the distal epiphyseal 
and diaphyseal regions revealed that the coated implants show more direct bone on-growth on their 
surfaces than that on the surfaces of the uncoated implants. Backscatter SEM images were used to 
calculate cross sectional epiphyseal bone area. The bone area percentages determined from the 
backscatter SEM images did not show a statistical difference and was further supported by the micro-
computed topography which did not show a statistically significant difference in bone volume to total 
volume between coated and uncoated implants. However, in both outcome measures, the coated 
implants averaged greater bone area/volume than uncoated and possibly if the sample size was 
greater, there would have been a statistical difference. This result provides some support that the 
SAMP coating did elicit a stronger initial response from the surrounding bone tissue than the 
response to the uncoated surface. However, caution must be given to this early result. Since the 
microradiographs did not demonstrate any increase of bone growth over time, the rapid formation of 
woven bone in the early stages was likely stimulated by the operative procedure. The disruption of 
the endosteal medullary cavity and insertion of the implant has potentially triggered the initial and 
rapid response of woven bone formation around the implants.  
    The imaging and Micro-CT results of the later time points have showed that there was no 
difference between the groups in BV/TV. The coating, therefore, had no long-term effect on the rate 
of bone formation or on maintaining bone volume around the metal surface. This result raises the 
concern about the effect of the coating in the short-term as well. The positive results of the early 
time-points may have been a rapid response to the surgical procedure rather than to the coating. 
    The positive results observed after 4 weeks by the coated samples were more evident in the 
circumferentially serrated implants. It was observed, at 4 weeks, that the bone has grown deep into 
the crevices of the coated implants, unlike the uncoated ones where the crevices were filled with 
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connective and soft tissue. The Micro-CT scanning results have supported this finding. Cross 
sectional bone area in the backscatter SEM images, and bone volume within 500µm from the outer 
diameter of the implant were quantified. Also for this implant design, the cross sectional epiphyseal 
bone area was calculated and divided by the total area (BA/TA), and the bone volume was divided 
for the total volume (BV/TV), and their percentages were calculated. Then, the averages of these 
percentages were calculated for each time-point of each group. No statistically significant difference 
was found between the coated and uncoated group of this implant design either (P.0.05). 
Nevertheless, it should be noted that this statistical result was only a result of the sample size (n=2). 
Statistically significant difference could have been potentially found between if the groups had the 
sample size been 3 or higher. Therefore, in a future study, when different designs are used, the 
sample size must be considered carefully. A sample size must be, at least, 3 specimens in order to 
achieve a more accurate statistical analysis.  
    The mechanical pullout testing results have shown that there is no difference in the mechanical 
fixation to bone between the coated and uncoated groups at any of the time-points. The SAMP 
coating failed to increase the mechanical shear strength of the bone-implant interface, even at the 4-
week time-point. The averages of the failure force were calculated for each group at each time-point, 
and the averages of the coated groups were not consistently or significantly higher. In order to prove 
that the coating increased the mechanical fixation to bone, and in order to prove that the coating is 
superior to other types of coating, the averages of the coated group would have to be significantly 
higher than the averages of the uncoated group. In a previous study by Goldberg et al comparing 
surface blasting to polished surfaces, it was shown, in an identical pullout test, that mean strength of 
a blasted surface interface is six times greater than the mean strength of a polished surface interface 
(P<0.05).5   
    The result of the mechanical testing increases the concern about the effectiveness of the coating, 
both in the short term and the long term. It should be noted that, statistically, no consistency was 
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found among the uncoated group within each time-points. Since no consistency was found within any 
of the samples, and no statistical difference was found across the time-points, it can be concluded 
that the bone responded to the surgical procedure variably, depending on factors other than the 
coating of the metal surface.  
   Other than the efficacy of the coating itself on bone response, one concern about this study lies in 
the chemical attachment of the coating to the metal surface. Most self-assembled nano-coatings form 
non-covalent bonds with metal surfaces. The phosphonate molecules of this coating, however, 
assemble by forming covalent bonds. The covalent bonds are, therefore, formed between the 
molecules and the oxide layer on the surface of the metal. As this coating was tested in vitro and 
produced positive results on cell proliferation, it can be assured that the coating is chemically stable. 
The long-term in vivo implantation is, therefore, incapable of resorbing or delaminating the coating 
from the metal surface. Nevertheless, since this coating assembles by bonding with the oxide layer, it 
may not be mechanically strong enough to withstand the surgical procedure that was applied. The 
tight fit insertion of the coated implants using a rod and a mallet may have caused the coating to be 
scratched off, partially or entirely. As this is an established surgical model that has been widely used, 
no attention was paid to the danger of this implantation method. In a future study, a preliminary test 
must be performed in order to evaluate the mechanical strength of the coating’s bond with the 
surface.  
   In comparison with other widely used coatings, the imaging results of this study show that this self-
assembled nano-coating has a few advantages. HA is very widely used, but ideally, it promotes 
osseointegration with nano-scale crystalline features and controlled porosity. Even though HA has 
been widely used due to its similar chemical composition to natural bone mineral and its capability to 
promote bone regeneration, it is very challenging to produce a nano-crystalline HA coating with 
desirable nano-features and controlled pore size. One disadvantage of HA is the formation of 
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amorphous phase HA which is soluble in body fluids and results in subsequent dissolution of the 
material before natural bone tissue integrates. 13  
    The search for optimal metal coating is still ongoing. Many mechanical and material properties 
need to be taken into account; implant material, implant design, coating particle size, etc. When 
compared to commercially used coatings, this coating has failed to induce equivalent biological 
attachment with adequate mechanical strength and failed to increase the rate of bone formation over 
time. Nevertheless, this coating did not produce any toxic or wear effects. 
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6.0 Appendices 
 
6.1 Appendix 1: Key for Rabbit Surgery; coated and uncoated side, designated necropsy time-
point and designated testing method. 
Rabbit # Left Right Timepoint Testing 
1 C U 4 Weeks Mechanical 
2 U C 4 Weeks Histology 
3 C U 4 Weeks Mechanical 
4 U C 4 Weeks Mechanical 
5 C U 4 Weeks Histology 
6 U C 4 Weeks Histology 
7 C U Leg Fracture 
8 U C 4 Weeks Mechanical 
9 C U 4 Weeks Mechanical 
10 C U 4 Weeks Mechanical 
11 U C Leg Fracture 
12 C U 8 Weeks Mechanical 
13 U C 8 Weeks Mechanical 
14 C U 8 Weeks Mechanical 
15 C U 8 Weeks Histology 
16 U C 8 Weeks Mechanical 
17 C U 8 Weeks Mechanical 
18 U C 8 Weeks Histology 
19 C U 8 Weeks Histology 
20 C U 8 Weeks Mechanical 
21 U C 12 Weeks Histology 
22 C U 12 Weeks Mechanical 
23 U C 12 Weeks Histology 
24 C U 12 Weeks Histology 
25 C U 12 Weeks Mechanical 
26 U C 12 Weeks Mechanical 
27 C U 12 Weeks Mechanical 
28 U C 12 Weeks Mechanical 
29 C U 12 Weeks Mechanical 
30 C U 
Leg Fractures 31 U C 
32 - - 
33 U C 12 Weeks Histology 
34 C U 16 Weeks Histology 
35 U C 12 Weeks Histology 
36* C U 4 Weeks Histology 
37 U C 16 Weeks Histology 
38 C U 16 Weeks Histology 
39 U C 16 Weeks Mechanical 
40 C U 16 Weeks Mechanical 
41* U C 4 Weeks Histology 
42* C U 8 Weeks Histology 
43* U C 8 Weeks Histology 
44 C U 16 Weeks Mechanical 
45* C U 12 Weeks Histology 
46* U C 12 Weeks Histology 
47* C U 16 Weeks Histology 
48* U C 16 Weeks Histology 
49 C U 16 Weeks Mechanical 
* Implants have a longitudinally creviced design (a flower-shaped cross-section). 
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6.2 Appendix 2: Average and standard deviation of bone area divided by total area (BA/TA) for 
diaphyseal bone around the circular cross sections of coated and uncoated implants at each time-
point. 
Time Point Coated  Uncoated P Value Average Std. Deviation Average Std. Deviation 
4 0.7403 0.0548 0.6614 0.0999 0.4626 
8 0.7674 0.1621 0.7402 0.1534 0.9449 
12 0.7041 0.1241 0.6365 0.1233 0.2481 
16 0.6585 0.1207 0.6377 0.5044 0.1083 
P Value 0.6523 0.9450 -- 
 
 
6.3 Appendix 3: Average and standard deviation of bone area divided by total area (BA/TA) for 
epiphyseal bone around circumferentially serrated cross sections of coated and uncoated 
implants at each time-point. 
Time Point Coated Uncoated P Value Average Coated Std. Deviation Average Std. Deviation 
4 0.8261 0.0470 0.6687 0.1089 0.5188 
8 0.6091 0.2781 0.6793 0.1168 0.5063 
12 0.6379 0.2057 0.6702 0.0385 0.2356 
16 0.6353 0.0590 0.6219 0.0254 0.5176 
P Value 0.6263 0.8959 -- 
 
 
 
 
6.4 Appendix 4: mean and standard deviation of epiphyseal bone volume divided by total 
volume (BV/TV) within 500µm from the outer diameter of circular implant cross sections. 
Time 
Point 
Coated Uncoated P Value N Mean  Std. Dev. N Mean Std. Dev. 
4 3 18.15% 0.0847 2 10.19% 0.1263 0.55 
8 3 18.05% 0.0378 3 13.72% 0.0922 0.29 
12 5 13.69% 0.0832 4 15.36% 0.0741 0.88 
16 3 15.48% 0.0698 3 17.57% 0.0293 0.30 
 
 
 
 
6.5 Appendix 5: mean and standard deviation of epiphyseal bone volume divided by total 
volume (BV/TV) within 500µm from the outer diameter of flower-shaped implant cross sections. 
Time 
Point 
Coated Uncoated P value N Mean  SD  N Mean  SD  
4 2 25.05% 0.2505 2 11.96% 0.0143 0.07 
8 2 1.43% 0.0036 2 16.39% 0.0700 0.48 
12 2 24.89% 0.0694 1 14.53% 0 -- 
16 1 16.99% 0 1 18.08% 0 -- 
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6.6 Appendix 2: Complete Micro-CT Data of BV/TV of all epiphyseal bone samples 
Number Side C/U Weeks # of slices Threshold TV BV BV/TV 
2 R C 4 132 330 36.1911 10.0011 0.2763 
5 L C 4 116 330 31.7413 4.9236 0.1551 
6 R C 4 77 330 20.9979 2.3741 0.1131 
15 L C 8 150 330 41.1669 7.663 0.1861 
18 R C 8 140 330 43.1944 6.0588 0.1403 
19 L C 8 150 330 41.1668 8.8591 0.2152 
21 R C 12 150 330 41.1687 7.8997 0.1919 
23 R C 12 150 330 41.1664 7.6774 0.1865 
24 L C 12 73 330 19.8927 0.6266 0.0315 
33 R C 12 150 330 41.1669 8.7159 0.2117 
34 L C 16 150 330 41.1668 8.8996 0.2162 
35 R C 12 101 330 27.6288 1.7385 0.0629 
36* L C 4 150 330 41.1669 11.1292 0.2703 
41* R C 4 150 330 41.1661 9.4926 0.2306 
42* L C 8 150 330 41.1682 6.6371 0.1612 
43* R C 8 88 330 23.9345 3.9814 0.1663 
37 R C 16 120 330 32.8782 2.5939 0.0789 
38 L C 16 150 330 41.1669 6.9649 0.1692 
45* L C 12 95 330 25.9713 5.19 0.1998 
46* R C 12 74 330 20.169 6.0086 0.2979 
47* L C 16 150 330 41.1669 6.9938 0.1699 
48* R C 16 Not scanned 
2 L U 4 Not scanned 
5 R U 4 150 330 41.1693 0.5208 0.0126 
6 L U 4 150 330 41.1669 7.8696 0.1912 
15 R U 8 74 330 20.169 4.9089 0.2434 
18 L U 8 115 330 31.4998 2.8602 0.0908 
19 R U 8 150 330 41.1668 3.1869 0.0774 
21 L U 12 150 330 41.168 7.642 0.1856 
23 L U 12 Not scanned 
24 R U 12 150 330 41.1666 6.1036 0.1483 
33 L U 12 150 330 41.1669 6.9563 0.169 
34 R U 16 150 330 41.4431 6.0433 0.1458 
35 L U 12 90 330 24.5896 2.7442 0.1116 
36* R U 4 150 330 41.1669 4.5093 0.1095 
41* L U 4 150 330 41.1562 5.3371 0.1297 
42* R U 8 125 330 34.2597 3.9199 0.1144 
43* L U 8 121 330 33.1545 7.0754 0.2134 
37 L U 16 140 330 38.4039 7.8497 0.2044 
38 R U 16 116 330 31.7208 5.6152 0.177 
45* R U 12 150 330 41.1668 5.9811 0.1453 
46* L U 12 Not scanned 
47* R U 16 150 330 41.1669 7.442 0.1808 
48* L U 16 Not scanned 
* Implant has longitudinally creviced design (flower-shaped cross section) 
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6.7 Appendix 7: Preliminary failure load and peak failure load for each specimen designated for 
mechanical pullout testing 
Animal # R/L coated/ uncoated 
group 
(weeks) 
prelim failure 
load(N) peak load (N) 
1 R U 4 222.17 310.06 
1 L C 4 58.59 195.31 
3 L C 4 7.32 7.32 
3 R U 4 21.97 21.97 
4 R C 4 66.16 66.16 
4 L U 4 27.34 27.34 
8 R C 4 12.21 32.96 
8 L U 4 25.88 25.88 
9 R U 4 17.09 71.05 
9 L C 4 27.83 51.76 
10 R U 4 27.34 27.34 
10 L C 4 21.48 21.48 
12 R U 8 43.95 43.95 
12 L C 8 22.71 22.71 
14 L C 8 29.79 29.79 
14 R U 8 119.14 119.14 
13 R C 8 62.74 62.74 
13 L U 8 6.59 9.03 
17 R U 8 12.94 12.94 
17 L C 8 4.64 4.64 
16 R C 8 171.14 171.14 
16 L U 8 38.82 141.36 
20 R U 8 47.85 47.85 
20 L C 8 12.70 15.14 
22 R U 12 7.57 8.06 
22 L C 12 59.57 59.57 
25 R U 12 87.40 87.40 
25 L C 12 49.81 49.81 
26 R C 12 94.24 189.45 
26 L U 12 58.59 58.59 
27 R U 12 241.94 242.92 
27 L C 12 219.48 219.48 
28 R C 12 34.42 34.42 
28 L U 12 27.10 27.10 
29 R U 12 4.64 6.59 
29 L C 12 50.54 175.78 
39 L U 16 26.86 51.27 
39 R C 16 33.66 65.16 
40 R U 16 114.02 114.02 
40 L C 16 143.34 149.86 
44 R U 16 30.41 73.84 
44 L C 16 58.64 58.64 
49 R U 16 14.12 87.96 
49 L C 16 28.23 28.23 
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Appendix 8: Averages and standard deviations of the failure pullout forces for the coated and 
uncoated groups at each time point 
Weeks C/U Initial Peak (N) P Value Highest Peak (N) P Value Average Std Dev Average Std Dev 
4 Coated 32.27 24.51 0.4911 62.50 68.36 0.7453 Uncoated 56.97 81.03 80.61 113.88 
8 Coated 50.62 62.35 0.8506 51.03 62.06 0.7449 Uncoated 44.82 40.12 62.38 55.32 
12 Coated 84.68 68.99 0.7762 121.42 82.12 0.3403 Uncoated 71.21 89.44 71.78 89.46 
16 Coated 65.97 53.25 0.6210 75.47 52.14 0.8363 Uncoated 46.35 53.25 81.77 26.28 
P Value Coated:     0.4299 Uncoated: 0.9161 -- 
Coated:     0.3320 
Uncoated: 0.9774 -- 
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Cylindrical implants fabricated from 316L at a length of 25m and diameter of 5mm 
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Bilateral surgical procedure; insertion of the cylindrical SS implants in the intramedullary canal of the 
distal femur 
 
Figures 3 and 4: Page 14 
A metal rod was inserted like a screw into the threaded hole at the distal end of the cylindrical implant. 
The rod was used to push the implant into the intramedullary canal by tapping it with a hammer. The 
distal end of the implant was flush with the distal condyle. 
 
Figures 5 and 6: Page 17 
The harvested femurs were sectioned transversely using a gravitational saw and a diamond blade. The 
first cut was made through the epiphysis and the second through the diaphysis. 
 
Figures 7 and 8: Page 21 
The mechanical testing apparatus designed for uniaxial pullout test 
 
Figure 8: Page 23 
15X mag SEM BSE images of epiphyseal cancellous bone. The left femur was implanted with SAMP 
treated implant and it demonstrated more trabecular bone growth around it than the right femur that was 
implanted with an untreated implant. 
 
Figure 9: Page 23 
SEM images at 35X magnifications of the cross section of a femoral diaphysis around a coated implant 
(left) and an uncoated implant (right) after 4 weeks 
 
Figures 10: Page 24 
SEM images of epiphyseal cancellous bone around an uncoated creviced implant after 4 weeks. Growth 
is around the outer area but the crevices were filled with marrow. 
 
Figures 11: Page 24 
SEM images of epiphyseal cancellous bone around a coated creviced implant after 4 weeks. Depressions 
show solid bone formation in intimate contact with the surface. 
 
Figure 12: Page 26 
SEM images at 15X magnification of epiphyseal cancellous bone around coated implants in the first row 
and their contralateral uncoated implants in the second row. 
 
Figure 13: Page 27 
SEM images of epiphyseal cancellous bone around a coated creviced implant in the first row and an 
uncoated creviced implant in the second row. These two implants were simultaneously implanted for 8 
weeks in the same animal in contralateral femurs.  
 
Figure 14: Page 28 
35X magnification SEM images of diaphyseal cortical bone around a coated creviced implant (left) and 
an uncoated creviced implant (right) after 8 weeks. The image to the right is the diaphyseal portion of the 
same femur in the first row of Figure 13, and the image to the left is the diaphyseal portion of the same 
femur in the second row. 
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Figure 15: Page 29 
SEM images of epiphyseal cancellous bone around a coated implant in the first row and an uncoated 
creviced implant in the second row. These two implants were simultaneously implanted for 12 weeks in 
the same animal in contralateral femurs.  
 
Figure 16: Page 30 
35X magnification SEM images of epiphyseal cancellous bone around a coated implant (left) and an 
uncoated implant (right) that has been implanted simultaneously in contralateral femurs of the same 
animal for 16 weeks. 
 
Figure 17: Page 30 
35X mag SEM images of diaphyseal cortical bone around a coated (left) and an uncoated (right) 
longitudinally creviced implants, implanted in contralateral femurs of the same animal for 16 weeks. 
Bone has grown more densely and continuously around the coated implant. 
 
Figure 18: Page 32 
Light microscope images of Gomori-Trichrome stained cross-sections of epiphyseal cancellous bone 
around a coated (left) and an uncoated (implant) after 4 weeks.  
 
Figure 19: Page 33 
Light microscope images of Gomori-Trichrome stainmed sections of diaphyseal cortical bone around a 
coated (left) and and uncoated (right) implant after 4 weeks. 
 
Figure 20: Page 33 
Light microscope images of Gomori-Trichrome stained cancellous bone that has grown into crevices of 
implants after 4 weeks.  The first row is a coated sample, and the second row is an uncoated sample. The 
two samples are from contralateral femurs of the same animal. 
 
Figure 21: Page 34 
4X mag of light microscope images of Gomori Trichromatic stained epiphyseal cancellous bone around a 
coated (left) and around an uncoated (right) SS implant after 12 weeks 
 
Figure 22: Page 35 
μCT images of newly grown epiphyseal bone within 500μm from the outer diameter of coated (left) and 
uncoated (right) implants after 4 weeks. 
 
Figure 23: Page 35 
μCT images of newly formed epiphyseal bone within 500μm from the outer diameter of coated implants 
(first row) and their uncoated counterparts (second row) after 16 weeks. 
 
Figure 24: Page 36 
μCT images of newly formed epiphyseal bone around creviced coated (first row) and uncoated (second 
row) implants after 4 weeks.  
 
Figure 25: Page 36 
μCT images of newly formed epiphyseal bone around creviced coated (left) and uncoated (right) implants 
after 16 weeks. Each pair shows two orientations of the same sample. 
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Histogram of the averages of the initial failure loads. Resistance force was recorded over time 
during the implant extraction and this histogram illustrates the average of the first peak 
(Newton) recorded during the extraction. 
 
Chart 5: Page 38 
Histogram illustrating the averages of the highest overall load recorded during the implant 
extraction. Resistance force was recorded over time during the extraction and this histogram 
illustrates the average of the highest peak (Newton) recorded during the extraction. 
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